The aim was to identify potentially treatable risk factors for cerebral white matter lesions often found on MRI in elderly persons. findings were assessed on 1.0 T MRI of 178 subjects living in the community and aged 60 years or older. Participants underwent standardised evaluations including standard questionnaires, a physical and neurological examination, cognitive function tests, electrocardiogram, a complete blood chemistry panel, and plasma amino acid measurements. Brain MRI infarcts, deep white matter lesions (DWMLs), and periventricular hyperintensities were found in 26%, 43%, and 29% of the 178 participants, respectively. Subjects with DWMLs were significantly older and had a higher frequency of hypertension, higher systolic blood pressure, and more brain infarcts, but lower plasma concentrations of tryptophan. In the multivariate model, greater age and lower plasma tryptophan concentrations were independently associated with DWMLs. Tryptophan concentrations were inversely related to DWML grading, whereas hypertension and brain infarction were more common in subjects with higher extents of DWMLs. The present study suggests that greater age and lower plasma tryptophan concentrations were important in producing DWMLs in elderly subjects. (J Neurol Neurosurg Psychiatry 1999;66:100-103) 
During the past decade, there has been mounting evidence that white matter hyperintensities on MRI are related to cognitive impairment, [1] [2] [3] mood disorders, 4-6 and gait disturbance or disequilibrium. 7 Despite the fact that such deep white matter lesions (DWMLs) or leukoaraiosis often exist in healthy elderly subjects, only a few studies have focused on the pathogenetic mechanism for DWMLs. 8 9 Recently, a large scale epidemiological study-the Cardiovascular Health Study-disclosed that white matter lesions were strongly related to age, silent stroke, hypertension, smoking history, and income. 10 Among these variables, age had the strongest association with the grade of white matter lesions. Oligodendroglia, which are a major cell type of white matter, were highly vulnerable to glutamate induced cell injury. Toxicity of glutamate to oligodendroglia is mediated through -amino-3-hydroxy-5-methyl-4-isoxazole propionic acid (AMPA)/kainate receptor activation (excitotoxicity), 11 or by depletion of intracellular cystine and subsequent depletion of an antioxidant, glutathione. 12 Increased blood brain barrier permeability, 13 found in vascular dementia, could lead to an increased penetration of substances from blood to brain and could result in excitotoxic damage of oligodendroglia. Therefore, we determined the blood concentrations of glutamate and several related amino acids in elderly volunteers together with the MRI study.
Subjects and methods
Between June and August 1997, we examined 178 volunteers aged 61 to 91 years (37 men and 141 women with a mean age of 76.7 (SD 5.7) years), living in the rural community of Sefuri village, Saga, Japan (the total population of the village numbered 1980 at the time of examination). All subjects were living independently at home without apparent dementia. Years of education for the sample averaged 8.2 (SD 2.0) years. All subjects underwent a structured clinical interview. For the neurological examination, the presence of a Barré sign, asymmetric deep tendon reflexes, and Babinski's sign were recorded on each side. Tests of cognitive function included the Hasegawa dementia scale revised version (HDS-R), 14 and the mini mental state examination (MMSE). 15 Scores of HDS-R and MMSE were linearly and significantly correlated (r=0.786, p<0.001). Based on the distributions and mean values of the scores of HDS-R and MMSE (25.7 (SD 3.5) and 25.6 (SD 3.5) respectively), decline in mental function was arbitrarily defined as HDS-R+MMSE<50. Blood pressure was measured in the sitting position by the standard cuV method after a 5 minute rest. Arterial hypertension was considered present if a subject had a history of repeated high blood pressure recordings >160/95 mm Hg or the subject was being treated for hypertension. Left ventricular hypertrophy (Minnesota code 3-3-2), ST depression (4-1), or atrial fibrillation (8-3-2) were registered on 12 lead ECG recordings. Diabetes mellitus was defined as a fasting plasma glucose greater than 7.77 mmol/l or a previous diagnosis of diabetes mellitus. Hyperlipidaemia was defined as total serum cholesterol concentration >5.69 mmol/l or if the subject was being treated for hyperlipidaemia at the time of examination. Plasma concentrations of 11 amino acids as shown in the table were determined with the standard fluorimetric HPLC-OPA method. 16 All MRI was performed on a 1.0 T superconducting magnet (MAGNEX , Shimadzu, Kyoto, Japan) using the spin echo technique and fluid attenuated inversion recovery (FLAIR) sequences. Transverse T1 weighted (TR/TE 380/14 ms), T2 weighted (TR/TE 3750/110 ms), and FLAIR (TR/ TI/TE 5800/1700/110 ms) images were obtained with a slice thickness of 8 mm separated by a 2 mm interscan gap. All scans were reviewed by two independent investigators (HY and AK) who were blinded to all clinical data. Brain infarcts were defined as lesions with abnormal signal in a vascular distribution and no mass eVects, and were defined as low signal intensity areas on T1 weighted images and high signal intensity areas on T2 weighted images and their sizes were more than 5 mm. Deep white matter lesions (DWMLs) and periventricular hyperintensities (PVHs) were specified as high signal intensity areas on T2 weighted images but isointense with normal brain parenchyma on T1 weighted images. The severity of deep white matter lesions was graded according to Fazekas et al 17 18 as follows; grade 0, absent; grade 1, punctate; grade 2, beginning confluent; grade 3, large confluent.
All values are given as mean (SD). We used the SPSS software (SPSS Advanced Statistics TM version 6.1, SPSS Inc, Chicago, IL, USA) for statistical analysis. Univariate analyses were performed with a t test for continuous variables and 2 test for categorical variables. Multivariate analyses were done with a logistic regression model to identify factors predictive of cognitive decline or DWMLs. We chose variables for entry of multivariate analyses on the basis of clinical importance from those with values of p<0.1 after univariate testing. For multiple comparisons, an analysis of variance followed by unpaired t test was used. The Bonferroni principle was used to correct for multiple comparisons, with the level of significance set at p<0.0167. Pearson's correlation coefficient was used for linear regression procedure.
Results
Hypertension was present in 69 subjects. Mean blood pressure levels were 144 (21)/73 (10) (n=109), 161 (22)/78 (11) (n=63), and 184 (25)/88 (7) (n=6) mm Hg in normotensive subjects, treated hypertensive subjects, and non-treated hypertensive subjects respectively. The prevalences of diabetes mellitus, hyperlipidaemia, and heart disease were 4%, 22%, and 10% respectively. History of minor stroke or gait disturbance was found in eight cases. Infarction was detected by MRI in 48 of the 178 participants (26%). Small and deeply situated lacunar infarcts were the predominant type. These infarcts were asymptomatic in 43 of the 48 subjects (90%); DWMLs and PVHs were present in 77 (43%) and 51 (29%) subjects, respectively.
In multivariate analysis of 176 participants undergoing HDS-R and MMSE, age (p=0.030), education (p=0.009), and DWMLs (p=0.028) were independently associated with cognitive decline. Univariate analyses disclosed that DWMLs were associated with increased age, hypertension, systolic blood pressure, brain infarction, and the lower blood concentration of tryptophan (table). Among the variables age, hypertension, brain infarction, and tryptophan, age (p=0.0333) and tryptophan (p=0.0095) were significant factors concerning DWMLs, whereas hypertension was not significant (p=0.1064) by a multiple logistic regression analysis. Even if tyrosine (non-significant decrease in DWML (+) group) was forced into the multivariate model, tryptophan and age were still independently associated with DWMLs. No linear relation existed between age and plasma tryptophan concentrations in subjects with and without DWMLs. As shown in the figure, plasma tryptophan concentrations were inversely correlated with the DWML grading. Subjects with grade 2 DWMLs were older than those without DWMLs. Hypertension and brain infarction were more prevalent in those with grades 2 and 3 DWMLs. 
Discussion
We found a significant association of DWMLs and blood concentrations of tryptophan even after adjustment for age, hypertension, and brain infarction. A clear inverse relation existed between the DWML grading and plasma tryptophan concentrations. The importance of vascular risk factors was confirmed by recent compelling evidence obtained from MRI of 3301 elderly participants in the Cardiovascular Health Study. 10 In addition to the classic vascular risk factors, thrombogenic and haemostatic factors (raised fibrinogen and increased factor VIIc concentrations) 9 and decreased vitamin E 8 were associated with DWMLs. Our new finding was that decreased tryptophan was associated with DWMLs. Tryptophan is a large neutral amino acid which is utilised in the biosynthesis of various substances such as serotonin and melatonin. These indoleamines act as antioxidants. 19 In this context, our results accord well with those by Schmidt et al. 8 which provided evidence of an association between low plasma concentrations of vitamin E and a high risk of cerebral white matter lesions. Niacin or nicotinic acid is also synthesised from tryptophan; a dietary deficiency in tryptophan and niacin can lead to pellagra. Experimental nicotinamide deficiency produced by an analogue of the vitamin 6-aminonicotinamide caused more toxicity toward glial elements than neurons. 20 21 Interestingly, the earliest histological change noted was a mild swelling of glial cells, in particular oligodendroglia. 21 The rate limiting enzyme in serotonin synthesis, tryptophan hydroxylase, is normally unsaturated, so serotonin concentrations are determined by free tryptophan. Serotonin protects C6 glioma cells from excitotoxicity induced by 10 mM of glutamate. 22 The protective action of serotonin was considered to be mediated through the 5HT1A type of serotonin receptors. However, no available data so far have found a protective action of serotonin against oligodendroglia injury or DWMLs. Further studies are needed to elucidate the possible involvements of oxidative damage or niacin deficiency, and the protective role of serotonin in DWMLs.
Brain infarction on MRI was not strongly related with DWMLs in the present study. This negative result does not exclude the possibility that the pathophysiology of the two conditions (brain infarction and DWMLs) may be similar. If risk factors have a declining impact with increasing age, the causal factor for DWML may be diVerent from major accepted risk factors for arteriosclerosis in our study population with considerably advanced age. Furthermore, 91% of hypertensives received antihypertensive treatment, so the eVects of hypertension, which underlie the risk of brain infarction, could be attenuated in our sample. However, as shown in the figure, confluent DWMLs were often associated with hypertension and brain infarction. In line with our findings, studies on pathological correlates of incidental white matter lesions on MRI disclosed that confluent DWMLs consisted of incomplete parenchymal destruction with focal transitions to infarcts, whereas punctate DWMLs were not associated with infarction. 18 Taken together, aging and lower tryptophan concentrations are tentatively assumed to be factors which are essentially linked to DWMLs in our study population, and classic vascular risk factors may accelerate or exacerbate the process of white matter "ischaemic" damage.
The present study showed that DWMLs seen in elderly subjects was related to age and lower blood tryptophan concentrations. Because the present results were obtained from a cross sectional survey, inferences regarding a causal relation between DWMLs and tryptophan remain tentative. Longitudinal studies will be needed to determine whether such possibly treatable factors as lower plasma concentrations of tryptophan contribute to the evolution of DWMLs.
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